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Abstract

Elevenchildrenwith earlyfocal lesionswerecomparedwith 70age-matchedcontrolsto assess
their performancein repeatingnonwords,in learningnew words,andin immediateserialrecall,
a triad of abilities thatarebelievedto sharesomeaspectsof underlyingprocessing(e.g.,Badde-
ley, Gathercole,& Papagno,1998). Resultsfor theexperimentalgroupwerealsocomparedwith
otherassessmentspreviously reportedfor the samechildrenby MacWhinney, Feldman,Sacco,
andValdés-Ṕerez(2000).Thechildrenwith braininjury showedsubstantialimpairmentrelativeto
controlsin theexperimentaltasks,in contrastwith relatively unimpairedperformanceonmeasures
of vocabulary andnonverbalintelligence.Therelationshipsbetweenword learning,nonword rep-
etition, and immediateserial recall weresimilar to thoseobserved in several otherpopulations.
Theseresultsconfirmpreviousreportsthat therearepersistentprocessingimpairmentsfollowing
earlybraininjury, despitedevelopmentalplasticity. They alsosuggestthatwordlearning,nonword
repetition,andimmediateserialrecallmayberelatively demandingtasks,andthat their relation-
shipis a fundamentalaspectof thecognitivesystem.
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Phonological Memory and Vocabulary Learning in Children with Focal
Lesions

Learningthevocabularyof anativelanguageis oneof themostimportantdevelopmentalprocesses
a child needsto undergo. A varietyof evidencenow suggeststhathumanvocabulary acquisition
processesandaspectsof humanverbalshort-termmemorymay be related. In children,reliable
correlationshave beenobtainedbetweendigit span,nonword repetitionability, andvocabulary
achievement,evenwhenotherpossiblefactorssuchasageandnonverbalintelligencehave been
factoredout (e.g.,Gathercole& Baddeley, 1989;Gathercole,Willis, Emslie,& Baddeley, 1992).
Nonwordrepetitionability hasbeenshown to beanexcellentpredictorof languagelearningability
in children learningEnglish as a secondlanguage(Service,1992; Service& Kohonen,1995),
and is alsoassociatedwith more rapid learningof the phonologyof new words by children in
experimentaltasks(Gathercole& Baddeley, 1990b;Gathercole,Hitch, Service,& Martin, 1997;
Michas& Henry, 1994).In addition,similar relationshipsbetweentheseabilitiesappearto hold in
adults(Gupta,2001;Papagno,Valentine,& Baddeley, 1991;Papagno& Vallar, 1992).Thusthere
is now aconsiderablebodyof evidenceto suggestthatword learning,immediateserialrecall,and
nonword repetitionarea relatedtriad of abilities (Baddeley et al., 1998;Gathercole& Baddeley,
1993).An emergingview of thisrelationshipis thatimmediateserialrecallandnonwordrepetition
arebothtasksthatdraw onthemechanismsof verbalshort-termmemoryfairly directly, andthatthe
learningof new wordsis alsoin somewaysupportedby verbalshort-termmemory(e.g.,Baddeley
et al., 1998;Brown & Hulme,1996;Gathercole,Service,Hitch, Adams,& Martin, 1999;seealso
Gupta(1996;Gupta& MacWhinney, 1997)for a relatedbut somewhatdifferentview).

Thestudiescitedaboveprovide evidenceabouttherelationshipbetweentheseabilitiesin nor-
mally developingchildrenandin normaladults. It hasalsobeenfound that impairmentof these
abilities co-occursin children diagnosedas having specific languageimpairment(SLI) not at-
tributableto neurologicaldeficit (Gathercole& Baddeley, 1990a). It alsoappearsthat thereis a
populationof neuropsychologicallyimpairedpatientsin whom languagefunction is largely pre-
served,but who exhibit selectivedeficitsin immediateserialrecallandin nonword repetitionand
word learningability (Baddeley, 1993;Baddeley, Papagno,& Vallar, 1988).Additionally, theco-
occurrenceof linguisticandverbalshort-termmemorydeficitsin adultaphasicshasbeennotedby
a numberof investigators(e.g.,Saffran, 1990;Shallice,1988). Therelationshipsbetweenverbal
short-termmemoryabilitiesandthelinguisticprocessingof novel phonologicalformsthusappear
to bea fundamentalaspectof thehumancognitivearchitecture,holdingup asthey do evenunder
conditionsof delayedlinguistic developmentin children,andunderneurologicalinsult in adults.

Little is known, however, aboutthe impactof earlyneurologicalinjury on thedevelopmentof
theseabilities.Previousstudiesof thedevelopmentof languagein childrenwith earlyfocal lesions
suggestthat thereis a generallyfavorableprognosisfor languageacquisitionthat is nevertheless
accompaniedby selective deficitsor delays,especiallyin themorecomplex aspectsof language
processing(e.g.,Aram, Ekelman,Rose,& Whitaker, 1985;Aram, Ekelman,& Whitaker, 1986;
Lenneberg, 1967;MacWhinney et al., 2000;Marchman,Miller, & Bates,1991;Thal,Marchman,
Stiles,Trauner, Nass,& Bates,1991).No previousstudieshave specificallyexaminedtheimpact
of early lesionson vocabulary learning,nonword repetition,andimmediateserialrecall. Thuson
theonehand,we might expecttheplasticityof thedevelopingbrainto compensatefor theinsult,
leaving little deficit in theseabilities; on theotherhand,perhapstheseabilitieswould beamong
thosemanifestingdelayand/orimpairment.
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The importanceof this questionlies in its implicationsfor the natureof the processingthat
underliestheseabilities. If theseabilitiesarenotsignificantlyimpactedby earlyinjury, thiswould
suggestthat they arerelatively easytasksand/orthat the functionality of the underlyingmecha-
nismsis relatively amenableto reorganizationthroughdevelopmentalplasticity. If theseabilities
aresignificantlyimpactedby early injury, this would suggestthat they arerelatively demanding
tasksand/orthattheunderlyingprocessingfunctionalityis noteasilyachievedthroughneuralreor-
ganization.Additionally, if therelationshipbetweentheseabilitiesis indeeda fundamentalaspect
of cognition,thenevenfollowing earlyinjury, wewouldexpecttheserelationshipsto besimilar to
thoseobservedin thevarietyof populationscitedabove. Sucha finding would have two possible
interpretations.First, that the abilities aresubservedby brain areasthat areuniformly sparedor
damagedby lesions.Second,that they arelogically andecologicallydependent:if anareawere
damagedthat impactedoneof theseabilities, reorganizationwould occupy new territory for that
ability anddragtheothertwo with it. On theotherhand,a finding that therelationshipsbetween
theseabilitiesdonotholdfollowingearlybraininjury wouldsuggestthattheseabilitiesmighthave
reorganizedin waysthatno longersharedprocessingcomponentsin thesamemanner, suggesting
thattheir relationshipmightnotbesucha fundamentalaspectof cognitivearchitecture.

Thepresentwork soughtto shedlight on thesequestionsby administeringtestsof vocabulary
learning,nonwordrepetition,andimmediateserialrecallto two groupsof childrenaged5 through
10. Onegroupof 11 childrenhadsufferedperinatalbrain injury that resultedin focal lesions;all
but two of the lesionswereto the left hemisphere.The secondgroupconsistedof age-matched
controls.Theexperimentalgroupof childrenwerepartof a large-scaleinvestigation,otheraspects
of whichwerereportedin MacWhinney et al. (2000).It wasthereforepossibleto compareresults
from the presentinvestigationswith a broaderprofile of resultsthathasbeenestablishedfor the
samechildren.

Method

Participants

Experimental group. Theparticipantswere11 childrenages5 through10,who wererecruited
throughreferralsfrom localhospitals,rehabilitationcenters,andpreviousresearchstudies.All ex-
ceptoneof thisgroup(JL) alsoparticipatedin thestudiesdescribedin MacWhinney etal. (2000).
Neurologicalinformationwasavailablein theformof MRI scansfor all children;neurologicalpro-
files aresummarizedin Table1. FurtherinformationabouttheMRI scans,neurologicalprofiles,
anddemographiccharacteristicsis providedin MacWhinney et al. (2000).

Control group. Seventychildrenrangingin agesfrom 5 through10yearswererecruitedto serve
ascontrols.10 of thechildrenwereaged5, 11 wereaged6, 14 wereaged7, 13 wereaged8, 12
wereaged9, and10 wereaged10. All of the control childrenwerefunctioningat gradelevel.
They wererecruitedfrom parochialandprivateschoolsin thegreaterPittsburgh area,aswell as
from advertisements.They weretestedeitherat their schoolsor in theDepartmentof Psychology
atCarnegie Mellon University. Parentalconsentwasobtainedfor all participants.
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CODE AGE DESCRIPTION OF LESION

STEW 5 Tissuelossalongthe left centralsulcusinvolving the posteriorleft frontal
cortex andanteriorleft parietalarea.

ELS 6 Smalllesionin theleft parietalwhite matter.
JL 6 Righthemiparesis,with damageto left frontal corticaltissue.
JOR 6 Damageto left dorsolateralprefrontalcortex andnearbyareas,including

Broca’s area;enlargedleft ventricle.
DUP 7 Enlargementof bothlateralventricles,L � R. Reductionin white matterin

left periventricularregion,in theareasanteriorandposteriorto theventricle.
RYB 7 Left lateralinferior frontal loss,affectingBroca’s areaanddorsolateralpre-

frontal cortex; enlargementof left lateralventricle,probablecompensation
for volumeloss.

MAM 7 Enlargementof left ventricle centrally with thinning of left white matter
(coronaradiata,centrumsemiovale,corpuscallosum.

DAC 8 Enlargementof theleft lateralventricleengulfingmostof parietalandmuch
of occipital lobe. A thin parietalmantleremains,alongwith a somewhat
largeroccipitalmantle.Someenlargementof right lateralventricle.

KAM 10 Left lateral/posterior/inferiorfrontal loss,adjacentto insula,sparingmotor
strip; left lateral/anteriorparietallossandsomelossof theleft insula.

DES 10 Enlargementof the left ventricle. White matterlossunderneaththe entire
left cortex, with someretrogradewhitematterloss.

TID 10 Enlargementof theleft lateralventricleinto posteriorcorticalareas.

Table1: Neurologicalprofilesof childrenin theexperimentalgroup,asreportedin MacWhinney
etal. (2000),exceptfor JL.

Experimental measures

Immediate serial recall. Onetokenof eachof thedigits onethroughninespokenby a female
nativespeakerof AmericanEnglishwasrecordedasdigitizedsoundonanApplePowerMacintosh
computer. Randomsequencesof thesetokensweregenerated,varying in lengthfrom two digits
to elevendigits. Eachdigit sequencewaspresentedauditorily undercomputercontrol. Onetrial
consistedof presentationof onesequenceof aparticularlength.For example,onetrial at list length
four consistedof auditorypresentationof asequenceof four digitssuchasthree, eight,two,five.

Therewere5 trialsateachlist length.Presentationof listsstartedwith sequencesof two digits.
Participantswereseatedfacingthescreen.After presentationof eachdigit sequence,arectangular
answerbox appearedon the screen,with a questionmark in it. Participantswere instructedto
repeatthe sequenceorally assoonasthe answerbox appearedon the screen.The participant’s
responsewastypedin by the experimenter, andappearedin the answerbox on the screen.The
experimentercompletedenteringtheresponseby pressingthecarriagereturnkey on thecomputer
keyboard,which initiatedauditorypresentationof thenext digit sequence.If aparticipantrecalled
in correctserialorderthreeor moreof thefivesequencesataparticularlist length,thenext higher
list lengthwasintroduced.Thelongestlist lengthfor which a participantcorrectlyrecalledthree
or moresequenceswastakenasthemeasureof thatparticipant’sdigit span.
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Nonword repetition. Weused2-syllable,3-syllable,and4-syllablesword formstakenfrom the
Childrens’Testof Nonword Repetition(CNRep;Gathercole,Willis, Baddeley, & Emslie,1994).
Thistestwasdevisedspecificallyfor usewith children,andformedthebasisof thestudiesthatfirst
reportedcorrelationsbetweenmemoryspan,nonwordrepetition,andvocabularyability in children
(e.g.,Gathercole& Baddeley, 1989;Gathercole,Willis, Emslie,& Baddeley, 1991b). However,
we decidednot to usethe5-syllableword forms in theCNRep,in view of theanomalousresults
reportedat this nonword length(Gathercoleet al., 1994). Thenonwordsin our adaptationof the
CNRepwere recordedas digitized soundon an Apple PowerMacintoshcomputerby a female
native speaker of AmericanEnglish. Stimuli were presentedby computer, andall participants
listenedto the stimuli on headphones.Eachnonword wasspoken twice, andparticipantswere
instructedto repeatevery nonword stimulusafter hearingit the secondtime. The experimenter
ratedeachrepetitionascorrector incorrect.

Word learning. To obtaina measureof word learningability, we presentedparticipantswith
nonword-picturepairs. This wasfollowedby cuedrecall, in which thepictureservedasthecue,
andparticipantswereaskedto recall thenonword with which thepicturehadbeenpairedduring
presentation.Thiswasmeantto approximatethetaskof wordlearning,in whichtherepresentation
for anovel wordform mustbecreatedandboundto asemanticsor othercontextualrepresentation.

Participantswerepresentedwith nonwordsauditorily. Presentationof eachnonword wasac-
companiedby the pictureof an unfamiliar object. Therewerenine nonword-picturepairs. The
nine nonwordsconsistedof three2-syllableword forms, three3-syllableword forms, andthree
4-syllableword forms.Presentationwasblockedin groupsof three,sothatparticipantswouldnot
haveto learnall ninepairsin onetrial. Stimuluspairswerechosento minimizestimulussimilarity
for the stimuli at any given word length. However, it wasdifficult to ensurethat all nine pairs
werecompletelydistinct from eachother. For this reason,theblockingvariablechosenwasword
length:within ablock,stimuluspairswouldbedistinctandthereforenon-confusable.

Thenonword-picturepairsusedareshown in Figure1. Eachnonwordwasrecordedasdigitized
soundon an Apple PowerMacintoshcomputerby a femalenative speaker of AmericanEnglish.
All participantslistenedto the stimuli on headphones,with a uniform playbackvolume for all
participants.Thepictureswereall of realbut unfamiliar objectswhich participantswereunlikely
to know or haveanamefor. Unfamiliarity of thepicturedobjectswasconfirmedby informalpilot
testingprior to theactualexperiment.

Theprocedurefor presentationwasasfollows. Eachnonword-picturepairwaspresentedunder
computercontrol. Eachnonword wasrepeatedtwice. Participantsweretold that theword forms
they heardwere the “names” of the picturedobjects,and that they were to learn thesenames.
The pictureappearedon the computerscreensynchronouslywith onsetof the first repetitionof
the nonword. The secondrepetitionof the nonword occcurred1800ms. after onsetof the first
repetition.A fixationcrossreplacedthepicture1500ms.afteronsetof thesecondrepetitionof the
nonword. Thusthepicturewasdisplayedon thescreenfor 3300ms.,duringwhich thenonword
waspresentedtwice,auditorily. Participantswereinstructedto repeattheword form they hadjust
heard,assoonasthefixationcrossappearedonthescreen.Thefixationcrossstayedonthescreen
for 1500msec,at theendof which presentationof thenext nonword-picturepair began.To make
thetasklessdifficult, especiallyfor thechild population,it wasdecidedto presenttheninepairs
in blocksof three. It wasalsodecidedto presenttheshortestnonwordsfirst, so thatparticipants
could begin the taskwith the easier2-syllablewords; this seemedparticularlyimportantfor the
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Figure1: Nonword-picturepairsusedin word learningtask.

child population.For bothof thesereasons,presentationof thenonword-picturepairswasblocked
by nonword length. Thus therewere threenonword-picturepairsat eachlength (2-syllable,3-
syllable,4-syllable),andall the pairs of a particularlengthwere presentedin oneblock. This
procedurehad the further advantageof preventingparticipantsfrom usingnonword lengthasa
recallaid. Presentationorderof pairswithin eachblock wasrandomwithout replacement.

Cuedrecall followedpresentationof the threestimuluspairsin eachblock. Participantswere
presentedwith picturesfrom the immediatelyprecedingnonword-picturepairs, and were in-
structedto respondby sayingthe“name” of thepicturedobjectout loud. Pictureswereselected
randomlywithout replacement,from the setof threepairs in eachblock. Eachpicturecuewas
displayedfor 1500ms.,during which the participantwassupposedto nameit. The screenwas
masked for 1000ms. beforepresentationof the next picturecue. Presentationof pictureswas
controlledby thecomputer.

Thisprocedurewasrepeatedfive timesfor eachblockof nonword-picturepairs.Whenthefive
cyclesfor oneblock of threenonword-picturepairswerecomplete,the next block of pairswas
introduced.
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Standardized tests

As describedin MacWhinney etal. (2000),anumberof standardizedmeasureswereadministered
to eachexperimentalparticipant. 1. The Leiter InternationalPerformanceScale(Leiter, 1979)
is anuntimedtestthatprovidesa culture-free,non-verbalmeansof assessinggeneralintelligence
basedonprimarily abstractconcepts.This testhasanormof 100andastandarddeviationof 15. 2.
ThePeabodyPictureVocabulary Test-Revised(PPVT-R; Dunn& Dunn,1981)is anuntimedtest
of receptive vocabulary that measuresa participant’s hearingvocabulary for StandardAmerican
English. The testhasa meanof 100anda standarddeviation of 15. 3. TheClinical Evaluation
of LanguageFundamentals-Revised(CELF-R; Semel,Wiig, & Secord,1987) is a standardized
measureof languagefunctioning that diagnoseslanguageskill deficits in school-agedchildren,
andconsistsof severalsubtests,for eachof which normsareprovided. Eachsubtesthasa mean
of 10 and standarddeviation of 3. The CELF-RS(RecallingSentences)is an expressive test
that assessesthe ability to recall andreproducesentencesurfacestructureof varying lengthand
syntacticcomplexity. The CELF-FS(FormulatingSentences)is an expressive test that asseses
the ability to formulatesimple,compound,andcomplex sentencesfrom wordsprovided by the
examiner. TheCELF-OD(Oral Directions)is a receptive testthatassessestheability to interpret,
recallandexecuteof oraldirectionsof increasinglengthandcomplexity.

Results and Discussion

Scoreson thethreeexperimentaltasksareshown in Table2. Theupperpanelof the tableshows
performanceon word learning.Eachexperimentalgroupparticipant’s raw scoreis shown, aswell
asthe standardizedscore( � -score)with respectto the relevant age-matchedcontrol group. The
middlepanelshows thesameinformationfor the nonword repetitiontask,andthe bottompanel
providesthis informationfor immediateserialrecall.

Thestandardizedscoresshow, for eachmeasure,how many standarddeviationsfrom theage-
matchedcontrol groupmeaneachexperimentalgroupparticipant’s performancelies. Eachpar-
ticipant’s performanceon eachtestwasevaluatedin two ways. First, we examinedwhetherthe
subject’s � -scorefell within ���	��

��� of thecontrolgroupmean.This correspondsto a 90%confi-
denceinterval aroundthecontrolgroupmean;we usedthis (ratherthana 95%interval) because
we wishedto identify thosescoresthatfell in thelowest5% of thedistributiondefinedby control
groupperformance.Second,we examinedwhetherthe participant’s scorefell within the actual
rangeof scoresobtainedfor thecontrol subjects.Performancewasconsideredto beunimpaired
on a particulartestif it met eitherof thesecriteria. Scoresthat failedbothof thesecriteria were
consideredto bein theimpairedrange,andaremarkedwith anasteriskin theTable.

As canbe seen,the experimentalgroup’s performanceexhibits impairmenton several of the
measures:of the33 scores(comprisedof 11 participants’scoreson eachof threemeasures),19
fall within theimpairedrange.Of these,six arein word learning,sevenarein nonwordrepetition,
andsixarein immediateserialrecall.Thisprovidespreliminaryindicationthatneurologicalinsults
in childrendoleadto deficitsin performanceonwordlearning,nonwordrepetition,andimmediate
serialrecall,asthey do in adults.

Figure2 plotstheseresultsanddisplaysregressionlinesfitted to thecontrolandexperimental
groupsfor eachmeasure.For word learning,we seethat the performanceof the experimental
groupis substantiallylower thanthat of the control groupat all ages.However, scoresimprove
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CONTROL GROUP PARTICIPANT

Participant Age Mean SD Raw Score � Score
WORD LEARNING

STEW 5 9.600 7.947 5.000 -0.579
ELS 6 20.273 8.101 14.000 -0.774
JL 6 20.273 8.101 4.000 *-2.009
JOR 6 20.273 8.101 3.000 *-2.132
DUP 7 15.500 3.798 8.000 *-1.975
RYB 7 15.500 3.798 4.000 *-3.028
MAM 7 15.500 3.798 8.000 *-1.975
DAC 8 18.154 4.598 13.000 -1.121
KAM 9 18.333 7.190 13.000 -0.742
DES 10 21.300 5.165 6.000 *-2.962
TID 10 21.300 5.165 17.000 -0.833

NONWORD REPETITION

STEW 5 19.444 4.558 10.000 *-2.072
ELS 6 22.546 3.417 16.000 *-1.916
JL 6 22.546 3.417 13.000 *-2.794
JOR 6 22.546 3.417 8.000 *-4.257
DUP 7 21.643 1.823 19.000 -1.450
RYB 7 21.643 1.823 16.000 *-3.095
MAM 7 21.643 1.823 18.000 *-1.998
DAC 8 23.769 2.351 23.000 -0.327
KAM 9 22.417 2.021 20.000 -1.196
DES 10 24.000 2.261 17.000 *-3.096
TID 10 24.000 2.261 26.000 0.885

IMMEDIATE SERIAL RECALL

STEW 5 3.300 0.949 2.000 -1.370
ELS 6 4.182 0.405 4.000 -0.449
JL 6 4.182 0.405 2.000 *-5.394
JOR 6 4.182 0.405 2.000 *-5.394
DUP 7 4.357 0.633 3.000 *-2.143
RYB 7 4.357 0.633 3.000 *-2.143
MAM 7 4.357 0.633 4.000 -0.564
DAC 8 5.308 0.480 4.000 *-2.722
KAM 9 4.917 0.669 4.000 -1.371
DES 10 5.600 0.699 3.000 *-3.719
TID 10 5.600 0.699 5.000 -0.858

Table2: Performanceon experimentalmeasures:Word Learning,Nonword Repetition,andIm-
mediateSerialRecall
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with agein both groups. The overall trend with ageis very similar for the two groups,with
essentiallyparallelregressionlines. Thusthe experimentalgroup’s relative impairmentin word
learningappearsto persistover this agerange,anddoesnot show improvementwith respectto
controls.

In nonword repetition,theexperimentalgroup’s scoresaresubstantiallylower thanthecontrol
group’s at the youngerages,but show a much steeperimprovementthan thoseof the control
group,catchingup with control groupperformanceat the older ages.The experimentalgroup’s
impairmentin nonwordrepetitionthusappearsto remitoverthisagerange,asaresultof markedly
greaterimprovementin thisabilty thanoccursin controls.Thisis alsoapparentfrom theregression
lines,whichconvergeat aboutage10.

For immediateserial recall, the pictureis very similar to that for word learning. The perfor-
manceof theexperimentalgroupis substantiallylower thanthatof thecontrolgroupat all ages;
scoresimprove with agein both groups,and the overall trend with ageis very similar for the
two groups,with almostparallel regressionlines. Thus,as in word learning,the experimental
group’s impairmentin immediateserialrecallappearsto persistover this agerange,not showing
improvementrelative to controls.Theresultsfor immediateserialrecallmirror thosereportedby
MacWhinney et al. (2000)usingaslightly differenttestof immediateserialrecall.

Thustheresultssuggesta fairly pervasiveimpairmentin theexperimentalgroup’sperformance
on word learning,nonword repetition,and immediateserial recall, althoughthe impairmentin
nonword repetitionremitsby the endof the agerangewe examined. But do theseresultstruly
reflect impairmentin the measuresexamined? Or are they rathermerely a reflectionof some
generalizedimpairmentin cognitive function? Furtherunderstandingof the presentresultscan
be obtainedby comparingthemwith resultsreportedby MacWhinney et al. (2000). That study
obtainedmeasuresfrom thesameexperimentalgroupon the standardizedtestsdescribedearlier
(Leiter, PPVT-R, andCELF), aswell ason a numberof reaction-timetasksdesignedspecifically
to testbasiconlineskills relevantto languageprocessing.

The upperpanelof Table 3 summarizesperformanceon the experimentalmeasuresin the
presentstudy, reproducingthe � -scoresfrom Table2 in a format that facilitatesidentificationof
eachchild’s profile of impairment. It is worth noting the wide prevalenceof impairmenton the
experimentalmeasures:9 of 11childrenwereimpairedonat leastoneof themeasures,KAM and
TID beingtheonly exceptions.The lower panelshows performanceon eachof thestandardized
measuresadministeredby MacWhinney et al. (2000),exceptfor onechild (JL), for whom these
datawerenot available. To facilitatecomparisonwith the experimentaltasks,scoreson eachof
thestandardizedtestshavebeenconvertedto � -scoresusingthemeanandstandarddeviationpub-
lishedfor eachstandardizedmeasure.As with theexperimentalmeasures,scoresthat fell in the
lowest5% (i.e., � -scoresof lower than ���	��
���� ) wereconsideredto bein the impairedrange,and
areindicatedwith anasterisk.

What is apparentis that thechildrens’nonverbalintelligenceandvocabulary (asmeasuredby
theLeiter andPPVT-R respectively) aresolidly within thenormalrange,with only onescoreon
eachmeasurefalling in theimpairedrange,andwith themean� -scoresbeing �����	��� for theLeiter,
and �����	��� for thePPVT-R.Thisis afindingthatMacWhinney etal. (2000)alsonotedfor thelarger
groupof 20children.Thusthefindingof substantialimpairmenton thepresentexperimentaltests
of word learning,nonword repetition,andimmediateserialrecall is not simply a manifestationof
generalizedcognitive impairment;nor is it evena manifestationsimply of generalizedlinguistic
impairment,asgaugedby thechildrens’vocabularies.
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STEW ELS JL JOR DUP RYB MAM DAC KAM DES TID
Age 5 6 6 6 7 7 7 8 9 10 10 MeanZ
WL-Z -.579 -.774 *-2.009 *-2.132 *-1.975 *-3.028 *-1.975 -1.121 -0.742 *-2.962 -.833 -1.648
NWR-Z *-2.072 *-1.915 *-2.793 *-4.257 -1.450 *-3.095 *-1.998 -.327 -1.196 *-3.096 .885 -1.938
ISR-Z -1.370 -.449 *-5.394 *-5.394 *-2.143 *-2.143 -.564 *-2.722 -1.371 *-3.719 -.858 -2.375
LEITER-Z -.533 .667 -.467 1.133 1.400 -.533 -.333 .467 *-2.533 -.400 -.113
PPVT-Z -1.533 .067 -.600 .533 -.333 -.133 -1.267 -.200 *-1.667 .667 -.447
CELF-RS-Z -1.333 -.333 *-2.333 -.333 -1.000 -1.000 .333 -1.333 *-1.667 1.000 -.800
CELF-OD-Z -.333 *-1.667 -1.333 *-2.000 -.333 *-2.333 -.667 -.667 *-2.000 .333 -1.100
CELF-FS-Z -1.000 -1.000 *-2.333 *-2.333 -1.333 *-2.000 -1.333 -1.333 *-2.000 2.333 -1.233

Table3: Experimentalgroup. Comparisonof � -scoresin performanceon experimentaltasksin
thepresentstudywith � -scoresin performanceon a varietyof standardizedtests.Scoreson the
standardizedtestswerepreviously reportedin MacWhinney et al. (2000), except for onechild
(JL), for whomthesedatawerenot available.

MacWhinney et al. (2000)furthernotedthat, in contrastto nearlynormalperformanceon the
LeiterandPPVT-R, the20experimentalparticipantsperformedmorepoorlyon thelanguagepro-
cessingtasksof the CELF. This trend can also be seenin the resultsfor the presentset of 10
children: the mean � -scoresare �����
�	� , ���	�����	� , and ���	���
�	� for the CELF-RS,CELF-OD, and
CELF-FSrespectively. MacWhinney et al. (2000)alsoreportedthat the childrenwith focal le-
sionsweremarkedlyslowerthantheir respectivecontrolgroupsonthevariousreaction-timetasks.
However, asthecontrolgroupin thepresentstudywasdifferent,andthereaction-timemeasures
werenotadministeredto them,nocomparisoncanbemadebetweenthepresentexperimentaland
controlgroupswith regardto thesemeasures.

MacWhinney et al. (2000)suggestedthat theCELF languageprocessingtasksrequiredmore
complex online processingthanthe Leiter andPPVT-R, with theCELF-OD requiringa child to
store,elaborate,andexecutea complex plan to follow oral directions,andthe CELF-FSrequir-
ing thechild to applysyntactic,semantic,andpragmaticabilitiesto composea complex sentence
structurebasedon thewordsprovided.They suggestedthatthereaction-timetaskswerealsosuch
asto revealunderlyingprocessingdeficits. To summarizetheir view, theperformanceof theex-
perimentalgroupasa whole reflectsadequatelanguagefunction andadequateoverall cognitive
function,but underlyingprocessingdeficitsexist nevertheless,andarerevealedby tasksthatare
moredemanding.Taskdemandsmayarisefrom thecomplexity of the task,or from it beingbe-
ing moreconstrainedin its responserequirements.TheCELF taskswould beanexampleof both
of thesetypesof taskdemand:for instance,the CELF-OD is morecomplex thanthe Leiter or
PPVT; it is alsomoreconstrained,requiringaveryspecificplanto beexecuted,whereastheLeiter
allows greaterflexibility in how the itemsarerespondedto. Taskdemandmay alsoarisein the
requirementfor speededprocessing,asin thereaction-timetasks.We could further imaginethat
partof whatconstitutes“complexity” maybea requirementto engageverbalshort-termmemory
(seethe descriptionof the CELF tasksabove). Setagainstthis background,the presentresults
suggestthatword learning,nonwordrepetition,andimmediateserialrecallarerelatively demand-
ing tasks,eliciting performancethat is substantiallyweaker thanperformanceon themeasuresof
generalnonverbalintelligenceandof vocabulary, andthatis weakereventhanperformanceon the
subtasksof theCELF, asmaybeverifiedfrom examinationof themean� -scoresin Table3.

Overall, our resultsthus far answerthe first questionwe wishedto address,indicating that
word learning,nonword repetition,andimmediateserialrecalldo exhibit substantialimpairment



Gupta, MacWhinney, Feldman, & Sacco, PhonologicalMemory& VocabularyLearning 13

Presentexperiment
Gathercoleet al. (5-10years)

Correlation
between 4 yrs 5 yrs 8 yrs 13years

Correlation be-
tween Experimental Control

Span& CNRep simplecorrelation � �"!$#&%(' � � )$)(*$' �+� %,%(!$- �+� .(#&�,' Span& NWR 0.891** 0.522**
agepartialled 0.828* 0.406*
age,nonverbalpartialled � � ),!$/$-

Span& Vocab simplecorrelation � �"#&/$%,- � � .(*0)(' �+� .(!$!,' �+� %�!&�,' Span& WL 0.898** 0.447**
agepartialled 0.870* �+� .,�,!&-
age,nonverbalpartialled 0.107 0.122 �+� #$)$) - �+� .,1$� ' 0.804*

Vocab& CNRep simplecorrelation � � %+23.,' � � %+241(' �+� #$/&%(- �+� .,1$�,' WL & NWR � �5*01,/,' 0.657**
agepartialled � �5*&!,#$' 0.615**
age,nonverbalpartialled � � .$1�*&' � � .$/(*$' 0.151 �+� .�*0�,' 0.600

@ 6879� � �,!� 6879� � � 2
* 687:�+� �,�,!

** 687:�+� �,� 2

Table4: Correlationsbetweennonword repetition,word learning,anddigit span:Comparisonof
presentresultswith developmentaldatafrom Gathercoleet al. (1992,for ages4 through8), and
Gathercoleet al. (1999,for age13).

in childrenwith earlyfocallesions,andthatthisimpairmentis notmerelysecondaryto generalized
cognitive impairmentor to generalizedlinguistic impairment.They alsoprovide insight into the
natureof theseabilities,suggestingthat theunderlyingprocessingmechanismsmayberelatively
complex or demanding.

This leadsto the secondquestionwe wishedto address:is the relationshipbetweenword
learning,nonword repetition,andimmediateserialrecallsimilar to thatobservedin normallyde-
velopingchildren,which is alsoobserved in childrenwith specificlanguageimpairment,andin
normalandneurologicallyimpairedadults? To examinethis issue,we determinedcorrelations
betweentheseabilities in the experimentalandcontrol groups,andcomparedthesewith corre-
lationsthat have previously beenreportedfor normally developingchildren. Table4 shows the
patternsof correlation,both simpleandpartial, betweentheseabilities in the experimentaland
controlgroups,andalsosummarizesdevelopmentalresultsfor normallydevelopingchildren(e.g.,
Gathercoleet al., 1994).

Let usfirst considercorrelationsin thecontrolgroup.Thesimplecorrelationsweresomewhat
higher than thosereportedby Gathercoleet al. (1994). Correlationswere thereforeexamined
with agepartialledout. Thesepartialledcorrelationswere lower than the simple correlations,
but remainedsignificant,andwerefor themostpartsimilar to thosereportedin the literature. It
shouldbe notedthat the partial correlationspreviously reportedfactoredout ageandnonverbal
intelligence,whereasthepartialcorrelationswe reportfor our controlgroupwereafter factoring
outonly age,asnomeasureof nonverbalintelligencewasadministeredto thisgroup.Thismaybe
onereasonwhy thepartialcorrelationsremainedsomewhathigherthanthosepreviously reported.

Turning to correlationsfor theexperimentalgroup,it canbeseenthat thesimplecorrelations
arehighly significant;however, they areverymuchhigherthanin eitherthepresentcontrolgroup
or thereporteddevelopmentalresults.To furtherexaminetheseresults,we partialledout ageand
nonverbal intelligence(asmeasuredby the Leiter), thusmaking the partial correlationscompa-
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rablewith thosepreviously reported.(For comparisonwith thecontrol group,eachcorrelationi
salsoshown with only agepartialledout). As shown, thepartial correlationsbetweendigit span
andnonword repetition,andbetweendigit spanandword learningremainedsignificantevenwith
bothageandnonverbalintelligencepartialled.However, thethepartialcorrelationbetweenword
learningandnonword repetitionwasmarginally non-significant(;=<>�?���	
�� ), a resultthat is con-
sistentwith resultsreportedfor 8-year-olds (asshown in theTable),andwith findingsin normal
adultpopulations(Gupta,2001).Thepartialcorrelationsremainedof greatermagnitudethanthose
previously reported.

It is importantto keepin mind, however, that it is not themagnitudesof correlationsin them-
selvesthatshouldbeof primaryinterest,but rathertheoverall patternof correlationsbetweenthe
measures.This is becausetherearea numberof differencesin theway that thevariousmeasures
were determinedin previous studiesas comparedwith the presentstudy. First, the previously
reporteddevelopmentalstudiesreportedvocabulary measures,whereasthepresentresultsincor-
poratea measureof word learningperformance.(It shouldbe noted,however, that Gathercole
et al. (1997)examinedrelationshipsbetweendigit span,nonword repetition,andperformancein
a simulatedword learningtaskwith 5-year-olds,andfoundpatternsof correlationsimilar to the
developmentalresultssummarizedabove). Second,themeasuresof nonword repetitionweredif-
ferent,beingbasedon theCNRepfor the childrenaged4, 5, and8 years(Gathercole,Willis, &
Baddeley, 1991a;Gathercoleetal.,1992;Gathercoleetal.,1994),andin thepresentstudy, but be-
ing basedon repetitionof pairsof nonwordsfor the13-year-olds(Gathercoleet al., 1999).These
variousdifferencesindicatethatwe shouldnot expectto find identicalcorrelations;themoresig-
nificantfinding is thatthepatternof simpleandpartialcorrelationsbetweenthethreemeasuresis
similarto thatobtainedin normaldevelopment.Correlationsin thecontrolgrouparemostlywithin
therangeof developmentalcorrelationsthathavepreviouslybeenreported;andcorrelationsin the
experimentalgroupremainsignificantevenwhenageandnonverbalintelligencearepartialledout,
asthey do in normallydevelopingchildren.

Overall, therefore,the presentresultsaddressthe secondquestionwe raised: it appearsthat
despitethebraininjuriessufferedby theexperimentalgroup,thepatternof relationshipsbetween
word learning,nonword repetition,andimmediateserialrecallaremaintained,andaresimilar to
thosethathavebeenreportedin otherpopulations.

General Discussion

Thestudiesdescribedhereprovide new information,both aboutthe impactof early brain injury
onword learning,nonwordrepetition,andimmediateserialrecall,andaboutthepatternof preser-
vationandimpairmentof behavioral abilitiesin childrenfollowing earlybraininjury.

Regardingtheinvestigationof word learning,nonword repetition,andimmediateserialrecall,
the first questionwe addressedwas whethertheseabilities are significantly impactedby early
injury. Theresultsindicatethat theseabilitiesdo exhibit substantialimpairmentin childrenwith
early focal lesions,and that this impairmentis not merely secondaryto generalizedcognitive
impairmentor to generalizedlinguistic impairment.They alsoprovide insight into thenatureof
theseabilities,suggestingthattheunderlyingprocessingmechanismsmayberelatively complex.
Furthermore,thefinding of impairmentacrossa wide varietyof lesionssuggeststhatthis triad of
abilitiesplacesdemandson adistributedneuralsystemthatis likely to beimpactedby almostany
corticalinjury.
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Thesecondquestionweaddressedwaswhethertherelationshipsbetweentheseabilitieswould
besimilar to thoseobservedin avarietyof otherpopulations,includingnormallydevelopingchil-
dren, children with specific languageimpairment,normal adults,and adultswith neurological
injury. Theresultssuggestthattherelationshipsbetweendigit span,nonwordrepetition,andword
learningare similar to thoseobserved in the other populations,even underconditionsof early
brain injury. We notedin the introductionthatsucha finding might indicateeitherthat thebrain
regionsunderlyingtheseabilities hadbeenuniformly damagedby lesions,or that theseabilities
arelogically andecologicallydependent,apossibilitythatis entirelyconsistentwith currentthink-
ing aboutthephonologicalloop (e.g.,Baddeley et al., 1998).Giventhatthelesionsin thepresent
experimentalgroupwerewidely varied,it seemsveryunlikely thatthebrainareassubservingim-
mediateserialrecall,nonword repetition,andword learningwereuniformly impairedacrossthe
group. We thereforesuggestthat the resultsarebestinterpretedas indicating that this triad of
abilities is logically andecologicallyinterdependent,andthusasproviding furtherevidencethat
therelationshipbetweentheseabilitiesis indeeda fundamentalaspectof cognition.

However, a cautionis in order regardinginferencesaboutthe processingbasisof this rela-
tionship. It is importantto keepin mind that the mechanismsof verbalshort-termmemorydo
not operateindependentlyof linguistic representationsor the lexical system. A variety of evi-
dencenow indicates,for instance,that long-termlinguistic knowledgesignificantlyimpactsper-
formancein immediateserialrecallaswell asin nonwordrepetition(e.g.Gathercole,1995;Hulme,
Maughan,& Brown, 1991). Gupta(1995,1996;Gupta& MacWhinney, 1997)developeda com-
putationalmodelof verbal short-termmemoryand lexical processingthat offers an accountof
how performanceof verbalshort-termmemorytaskssuchasimmediateserialrecall involveslex-
ical processingmechanisms.This work incorporatesa simplemodelof lexical processing,and
a sequencememorythatencodestheserialorderof word forms asthey arepresentedto the lex-
ical system. The sequencememoryis a specializedshort-termstore,correspondingroughly to
theworkingmemorymodel’sphonologicalstore,but with theimportantdifferencethatit doesnot
consistof slotsinto whichitemsareentered;rather, it takessnapshotsof theactivationof linguistic
representationsasthey occurin sequencein thelexical system(Gupta,1995;Gupta& MacWhin-
ney, 1997). This modeloffers an accountof word learning,nonword repetition,andimmediate
serialrecall,providing aconcretizationof thenotionthatverbalshort-termmemoryis intrinsically
linkedto lexical processingmechanisms.Additionally, themodelsuggeststhatall threeabilities
dependcruciallyon thestrengthof long-termphonologicalknowledgein thelexical system.Thus
the mechanismsof verbalshort-termmemorymay themselvesdraw on aspectof the linguistic
system,ratherthanconsistingof a slot-like isolatedverbalshort-termmemorybuffer storesor
temporarilymaintainstracesderived from a completelyseparatelexical system.A similar point
hasbeenmadeby Gathercoleet al. (1997), who notedthat the “phonologicalstore” on which
immediateserialrecall,nonword repetition,andword learningrely is perhapsbetterconceivedof
asa systemwhoseperformancedependson botha specializedshort-termsequencememoryand
the activation of representationsin the lexical system. And asnotedabove, the presentfinding
of impairmentin theseabilitiesacrossa wide varietyof lesionsalsosuggestsa distributedneural
system. Thus,althoughthe presentresultsprovide new evidencefor the fundamentalnatureof
relationshipsbetweenword learning,nonword repetition,andimmediateserialrecall,they do not
provide evidenceregardingthe detailsof the processingmechanismsunderlyingthoserelation-
ships.

Finally, thepresentstudyprovidesnew informationabouttheprognosisfor developmentfol-
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lowing earlybraininjury. Theoverallpatternof impairmentin word learning,nonwordrepetition,
andimmediateserialrecallconfirmssuggestionsfrom previousstudiesthatdespitedevelopmental
plasticity, thereareprocessingdeficitsfollowing earlybraininjury. Whatis encouraging,however,
is thesuccessthatthesechildrenachieve in acquiringa thoroughlyadequatefunctionaluseof lan-
guage,asMacWhinney etal. (2000)alsonoted.Oneseemingparadoxis theexperimentalgroup’s
lack of impairmenton the vocabulary measure,given their impairmentin learningnew words.
Onepossibleexplanationof this is thattheword learningtaskthatwasadministeredtapsinto the
corecognitiveprocessesof word learning;however, asnotedby MacWhinney et al. (2000),word
learningis highly overdetermined,for instance,by well-structuredparentalinput, good educa-
tional support,andnurturantfamily environments,andit is reasonableto supposethatthepresent
experimentalgroupbenefitsfrom someof these,soasto achievenormalcontrolof languagewhen
measuredin overall functionaltermssuchasvocabulary level. In this connection,thefinding of
remissionof deficitsin nonword repetitionis encouraging,suggestingthattheprognosisevenfor
online processingmay be favorable. It would be valuableto obtain informationaboutthe time
courseof suchabilitiesbeyondtheagerangeweexamined,into theteenageyears.

More speculatively, the presentresultsmay alsooffer someinsight into patternsof cognitive
impairmentfollowing brain injury moregenerally, andeven regardingdevelopmentallanguage
disorders.In thecaseof earlylesions,thereis a realpossibilityfor remissionof deficitsasa result
of developmentalneuralplasticity. It is thereforereasonableto concludethat thoseabilities that
remainrelatively moreimpairedaretheonesthatareeithermoredemanding,or lessamenableto
neuralreorganization,or both. To the extent that the presentresultsindicatethat word learning,
nonword repetition,andimmediateserialrecall arerelatively demandingtasks,aswe have sug-
gested,they mayoffer insight into thefrequentcooccurrenceof impairmentsin verbalshort-term
memoryand in processingnovel phonologicalmaterial,in adult aphasicpopulationsaswell as
in childrenwith specificlanguageimpairment. Suchimpairmentsmay reflectthe breakdown of
moredemandingcognitivetasksunderconditionsof impairmentto theunderlyingprocessingabil-
ities,andindeed,thisview hasbeenadvancedbothin thecaseof aphasia(e.g.,Martin, Saffran,&
Dell, 1996),andin thecaseof specificlanguageimpairment(e.g.,Merzenich,Jenkins,Johnston,
Schreiner, Miller, & Tallal, 1996;Tallal, Miller, Bedi, Byma,Wang,Nagarajan,& others,1996),
wherethis view hasled to the developmentof apparentlysuccessfultreatments. If this is the
case,thenfurther investigationof theseissuesmight have a bearingon programsof remediation
following braininjury.
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